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* Orbital debris (space junk) has grown
explosively over the last four decades.

* Now over 2,000,000 kg of mass in low
earth orbit (LEO--up to 20u0 km) vs.
70 kg of meteoric material.

100,000 LEO objects over 1 cm diameter.

 Average crossing (impact) velrzity of
orbital debris--8.7 km/sec. RS

Approxiamtely 70% aluminum, 30% [

plastic. steel, copper wiring, etc. sl

* Probability of impact increases with
exposure area and time.

* International Space Staticn has over
1000 square meters of exposed arca
and a design life of 15 years.

* LEO satellite constellations (Iridium)
have large cumulative exposed areas
and exposure times.

* Orbital Debris is highly directional--approaching
from the “front” and “sides” of a stable LEO spacecraft.

« Vs,
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ED52 STRUCTURAL DEVELOPMENT BRA {CH

ORBITAL DEBRIS RISK MITIGATION

For a single impact, IDloss = Pimpact X Ppenetration X I:’Ioss_
impac penetration

Reduce Pimpact Reduce Ploss/penetration

« Environmental Definition

— Debris Reduction, Tracking, —@
& Avoidance

e Critical Cracking

Thrust Hazard

Critical Equipment Loss

Injury Loss

Hypoxia

Critical Module Depressurization

Reduce Ppenetration/impact

—» Modify « Equipment Locations

* Penetration Design  * Hatches Open/Closed

* Ricochet and Ops: ¢ Crew Position in Modules
* Spallation « Sealing/Repair Strategies
— Augmented Shields and Materials « Internal Spall Blanket

Analysis Tool: MSCSurv
(Manned Spacecraft Crew Survivability)

Analysis Tool: BUMPER

R . . 4
Probability of loss due to one or more impacts = P e = 1 - eXp (-Nipacis X P penetrationfimpact X P lossipen ).
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SPRC  1-DEAS VI: FE_Modeling_&L_Analysis

PROBABILITY (%) PER SQ-METER
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National Aeronautics and Space Administration
George C. Marshall Space Flight Center

Structures and Dynamics Laboratory

SPACECRAFT SURVIVABILITY IN THE

NNASN

Structures Division ORBITAL DEBRIS ENVIRONMENT J. Williamsen
, May 25, 1993
THISE WAYS TO IMPROVE BASELINE SHIELDING
R
REAR WALL
BUMPER l
- . s | EXISTING BUMPER
BUMPER
T BLANKET
I ]
REAR WALL REAR WALL REAR WALL

LONGER STANDOFF

« MOST WEIGHT
EFFICIENT

« DIFFICULT TO
PACKAGE INTO
ORBITER

“THICKER BUMPER
AND WALL

+ LEAST WEIGHT
EFFICIENT

» EASIEST TO
IMPLEMENT

ADD LAYERS OF
MATERIALS

- MODERATELY
EFFICIENT

- POSSIBLE TO
IMPLEMENT ON
EXISTING DESIGN
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ED52 STRUCTURAL DEVELOPMENT BR; .NCH
ENHANCED MANNED MODULE SHIELDING

THICKENED

S—— BUMPER

M

5 ol Pedcah AT
S S R S A

— "EXTEL {SIX LAYERS)
— KEVLAR (SIX LAYERS)

™~ GRAPHITE SUPPORT
(NOT BASELINED)

——_ THICKENED
AL UMINUM PRESSURE

WALL
* IN-HOUSE NASA DEVELOPMENT (WITH JSC) * DEFEATS 10X MORE MASSIVE PARTICLES
FOR USE IN U.S. LAB, HAB, AIRLOCK. (ON AVERAGE)THAN BASELINE SHIELD.

* NOW PLANNED FOR USE ON NASDA, ESA MODULES. RSA ALSO EXAMINING USE FOR FGB.
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Marshall Space Flight Center

Structures and Dynamics Laboratory

MSCSurv Flow Chart

J. Williamsen
17 March 1997

The Manned Spacecraft Crew Survivability (MSCSurv) compuier program computes the probability of
critical failure following orbital debris penetration.

Impact Model Penetration And Damage Model

Randomly Select

Particle Diameter,
Velocity, & Approach .

Direction From
Fstablished NASA
Debris Environments

does Particle
Penetrate Shield
and Wall?

Randomly Select
Impact Location
on ISS Model

¢S | Petermine Hole
and Crack Sizes

Required
Number
of Pens?
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Critical

I'ragment
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Type of ‘
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National Aeronautics and Space Administration

George C. Marshall Space Flight Center
Structures and Dynamics Laboratory
Structures Division

BJORKMANM / 2-8260/ ASAP / 6 / 25 MAY 1393

RADIOGRAPHS OF PROJECTILE/TARGET DEBRIS
CLOUDS FOR 7 AND 11 <m/s IMPACTS

NNASA
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INTERNATIONAL
SPACE STATION

Improving Space Station Survivability Through
Module Repair and Shield Augmentation

Space Station Pressure Wall Holes
Following Hypervelocity Penetration
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Quantifying and Enhancing Space Station Safety
Following Orbital Debris Penetration

&

INTERNATIONAL
SPACE STATION

Manned Module Internal Effects Following A Penetration
MSFC - University of Alabama in Huntsville

+ Eight tests measuring: | am
J Overpressure V,,uv Light Sensors *
+ Flash intensity ’f v,
+ Temperature rise
- Fragment diswersion.. ——
6.7 k/s P, = 14.7 psla -

+ Determines effects of:
+ Projectile energy

&
+ Shield type —\
-

+ Internal equipment
« Spall blankets
on hazard levels experienced by crew members.
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INTERNATIONAL

SPACE STATION

Quantifying and Enhancing Space Station Safety

Following Orbital Debris Penetration

Thrust Hazard

Oburvcant sogyse [1ob]

PHCL

Critical Thrust Iimpact Locations
International Space Station Module Cluster
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National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Structures and Dynamics Lal cratory

ED52 STRUCTURAL DEVELOPMENT BRANCH

Structures Division
ED52 WILLIAMSEN
1996 NOV.

MINIMIZING SPACECRAFT OR CREW LOSS

FOLLOWING PENETRATION

50%

pLOSS:/PEN

Secondary Injury
Hypoxia

| Frag Injury

Crit System
Thrust
Unzipping

Redesign Pressure Wall
Selected Hatches Closed
Safe Crew Sleep Position
Oxygen Mask Placement
Internal Spall E'..nket

Baseline Improved Ops and Equipment

Manned Spacecraft and Crew Survivability
{(MSCSurv) Computer Simulation

* Astronaut Office
Fracture Analysis « ESA, NASDA, RSA

* Developed and Run at MSFC for:
« Space Station Flight Operations (JSC)

Damage Prediction

P, o 10T pols
ir s
Prosemurs § Tomporvhars Sonsers

A ]

Overprassure

Specialized Tests
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Marshall Space Flight Center
Structures and Dynamics Laboratory

International Space Station
Kit for External Repair of Moaule Impacts
from Meteoroids and Orbital Debris

J. Williamsen
10 June 1997

Rigid Internal Repair Patch

Aluminum Plate

A

Silicon
Rubber Ring

Existing Internal Patch Types

Aluminized Fabric
Release Tabs

L 2 2.2 2L L. L. L L

Kevlar/Rubber
Protective Pad

Flexible Internal Repair Patch

Velcro Gripping Strips

Aluminum Adhesive
Tape Pressure Barrier
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International Space Station
Marshall Space Flight Center Kit for External Repair of M9dU|e Impacts J. Williamsen
Structures and Dynamics Laboratory from Meteoroids and Orbil.l Debris , 10 June 1997

Original KERMIt Patch Concept

External Adhesive Pressure Wall Patch

External Adhesive Pressure Wall Patch

Relative motion of
threaded probe

Relative motion of . Relative motion of
patch frame patch frame

Interior presatire wall

Insertion
Direction

Exterior
Pressure Wall

.‘7
\
!

Flexible outer seal molcls>
around exterior pressure
wall structure

Sprag Tip in extended _/ v A Sprag assembly stays

position against edge stationary

Figure 1. Patch probe inserted into hole. of hole in pressure wall

<> Probe tip turns

Items
1. Patch Frame 8. Spring-loaded Sprag Assembly
2. Flexible Quter Seal (Collapsed Position)
3. EVA Handle(s) 9. Probe Tip
4. Adhesive Sealant zirc 10. Damaged Pressure Walt with
5. Adhesive Interface Plate internal petais
6. Threaded Probe 11. Exterior structural feature (Grid) . ) .
7. Jam Nut on Pressure Wall Figure 2. Patch lowered against exterior pressure wall.
1A-2610

1A-2811
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International Space Station

Marshall Space Flight Center

Kit for External Repair of Module Impacts 1. Williamsen

Structures and Dynamics Laboratory from Meteoroids and Orbital Debris ) 10 June 1997

Original KERMIt Patch Concept

External Adhesive Pressure W~" Patich

6

Adhesive adhere to
hooks in interface
plate (5) —

SN

\— Sprag holds patch
body against exterior
pressure wall surface

Figure 3. Palch body filled with adhesive sealant.

12. Liquid adhesive sealant
13. Fiexible connection to patch zirc (4)
14, Adhesive sealant reservoir

1A-2820

Exteri.al Adhesive Pressure Wall Patch
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Interior of
- Manned
{16
<) Module

Figure 4. Optional internal seal components.

Items

15. Optional flexible cap over sprag
assembly to contain liquid adhesive

16. .nternal cover assembly placed over
sprag assembly following module
re-prassurization to engure seal

17 dernal cover seal (adhesive)

1A-2821



